A sampling programme was developed in three stream types, of siliceous geology, from the south of Portugal (small and mid-sized lowland streams and small-sized median altitude streams). The samples were taken according to the AQEM site protocol procedure, keeping transport and depositional habitats samples separated. In each stream type, at least 13 sites were studied over a gradient of organic pollution (pre-classification). The benthic macroinvertebrates were identified to the lowest possible taxonomic level. A Detrended Correspondence Analysis of macroinvertebrate communities identified a gradient of organic pollution strongly related to the first axis. This ordination allowed the establishment of classes of organic pollution using the Kmeans software (post-classification). Metrics based on the macroinvertebrate communities (tolerance, richness, composition and trophic structure) were computed and tested for correlation with the gradient of organic pollution (first axis of DCA). Most of the selected metrics were able to discriminate the four quality classes (high, good, moderate and poor) of ecological status. A multimetric index, integrating ASPT index, Trichoptera families and percentage of Gasteropoda, Oligochaeta and Diptera, is proposed to assess the ecological status of Portuguese southern siliceous basins.
Introduction
Benthic macroinvertebrates have been used since the beginning of the last century as an important tool to evaluate the water quality of lotic ecosystems (Kolkwitz & Marsson, 1908) . Generally, the biotic indices were based on the taxa tolerances to organic pollution (Alba Tercedor & Sanchez Ortega, 1988; Wright et al., 1993 ) and water quality assessment was only based on pollution level. However, a new concept of water monitoring was recently introduced according to the American experience (Barbour et al, 1996 (Barbour et al, , 1998 Cairns, 2002; Reynolds, 1997) , as a frame in the implementation of the Water Framework Directive in Europe (2000/60/CE). In this new concept, the target is ecological quality (based on the ecosystem), rather than water quality (based on human use). A special research effort must be made in order to define the reference situations for each stream type and in order to compare and classify the impaired sites according to deviations from reference. More local research must be undertaken to identify specific constraints affecting aquatic ecosystems from the different water bodies.
The hydrological regime is one of the principal constraints for biotic communities in the Portuguese southern streams as it is in most Mediterranean regions (Puig et al., 1991; Stanley et al., 1994; Bernardo & Alves, 1999; Gasith & Resh, 1999) , influencing stream intermittency. In temporary streams, the summer superficial flow interruption is probably one of the most important environmental factors, affecting the structure of biological communities, inducing specific physiological and behavioural survival strategies (Deluchi, 1989; Gasith & Resh, 1999) . The hyporheic zone is a permanent refuge for invertebrates (Williams, 1984; Delucchi, 1989) . Boulton (1989) suggested that invertebrates develop life-cycle adaptation strategies, in order to survive under extreme summer conditions. During winter and spring, the unpredicted flood events are responsible for accentuated decrease in the diversity and abundance of stream assemblages (Resh et al., 1988) . The specificity of those temporary streams needs the development of new assessment methodologies at a local scale. Concerning the Iberian Peninsula, the BMWP (Alba Tercedor & Sanchez Ortega, 1988) has been widely used as a common methodology to evaluate the biological water quality (Cortes et al., 2002) . This metric is assumed to account for different tolerances of invertebrates to pollution (tolerance metric), but it does not measure other attributes of communities, such as species composition, richness and ecological preferences. The metric gives a score aimed at defining quality classes in the Iberian Peninsula, but these quality classes are not calculated in relation to reference situations of stream types according to the Water Framework Directive. Recently, Graça & Coimbra (1998) developed a methodology to evaluate the impact of mining activities in the south of Portugal. This study is also based on taxa tolerances.
Organic pollution represents the main impact pressure on southern Portuguese streams, with agriculture and cattle grazing as principal causes of pollution. This study aims to develop a multimetric approach to evaluate organic pollution in southern siliceous basins in Portugal. Three types of streams were selected based on system A typology of the Water Framework Directive (2000/60/CE) and, within each stream type, at least 13 sites were selected, according to the gradient of organic pollution.
Study area
In total, 39 collecting sites were established for the whole siliceous basins in South Portugal (Fig. 1) according to system A typology defined by the Water Framework Directive (2000/60/CE). Small median altitude basins (altitude between 200 and 800 m; drainage area up to 100 km 2 ), small lowland basins (altitude up to 200 m; drainage area up to 100 km 2 ) and medium lowland basins (altitude up to 200 m; drainage area between 100 and 1000 km 2 ) were selected for this study. For each stream type, at least 13 sites were established in relation to the existing organic pollution gradient: 3 of high quality; 3 of good quality; 3 of moderate quality; 2 of poor quality and 2 of bad quality. Due to the absence of historical monitoring data to support site selection, this was done by expert evaluation in the field (pre-classification). Whenever possible, replicas of each quality class were located in different basins. This procedure was adopted in order to take into account variability among basins, preventing data bias. From the 39 sampling sites, three were excluded: III-S-2 due to the absence of superficial flow during the sampling period; III-MA-2 disturbed by sand abstraction; III-GO disturbed by copper mining activities.
Methodology
Streams were sampled in spring 2000. During the sampling period, significant rainfall episodes occurred, disturbing the ecosystems (flood events of different magnitude). During flood events samples were stopped and sites were visited only two or three weeks after, when the system had recovered. The objective of this procedure was to reduce the effect of flood disturbances, preventing possible errors in assessment.
Water temperature, current velocity, pH, conductivity and dissolved oxygen were measured in the field with appropriate probes. Five litres of water were sampled and preserved in cold containers to analyse in the laboratory the following parameters: alkalinity, total hardness, chloride, biological oxygen demand, ammonium, nitrite, nitrate, total phosphate, and chlorophyll a. All these parameters were analysed according to Portuguese law, based on the American Public Health Association (1998).
A multihabitat procedure developed by AQEM consortium (2002) was adopted at each site to sample benthic macroinvertebrates. A total of 20 Surber samples (25 cm square side with a mesh size of 0.5 mm) were taken, in a reach of 100 m, covering different habitats. Surber numbers were sampled in a proportional number to each habitat area. Habitats represented by less than 5% of the total area were excluded. The samples were fixed in the field with alcohol 96%. Samples were kept separated per depositional and transport habitats.
In the laboratory, samples were sieved with two mesh sizes (1 mm and 0.25 mm). The coarse fraction (>1 mm) was completely sorted, and all the organisms preserved in alcohol 70%. The fine fraction (0.25-1.00 mm) was subsampled: successive known volumes of sample were extracted and sorted. This procedure stopped either when 500 organisms were counted or when relative frequencies of families tended to be stable. Whenever possible, sorted organisms were identified to the species level. In the absence of taxonomic keys for southern Iberian Peninsula fauna, an intermediated level of identification was attained (sub-family, genus or group). Prior to any treatment, a taxonomic adjustment was made according to the abundances of each taxonomical level and their ecological information (AQEM consortium, 2002) . The objective of this procedure is to avoid the inclusion of taxa in different taxonomical levels. To prevent distortions on the multivariate analysis, caused by the most abundant taxa, the macroinvertebrate abundances were converted into 9 Preston classes.
To validate and correct pre-classification (study area section) multivariate techniques were performed. The aim was to identify the organic pollution gradient (ordination) and to establish new quality classes based only on macroinvertebrate communities (classification). A Detrended Correspondence Analysis (DCA) was done to prevent the arch effect. The identification of ecological gradients (first and second axes) along axes was made by Pearson correlations between environmental parameters and ordination coordinates.
The Kmeans 2 software (Legendre & Legendre, 1998) was used to perform a non hierarchical classification of sites in relation to their location along the organic pollution gradient (first DCA axis coordinates). The pseudo-F-statistic (Calinski-Harabasz, 1974 in Legendre & Legendre, 1998) was computed in order to evaluate the most suitable number of groups. This number was converted into no more than 5 quality classes. The new sites classification (post-classification) represents the starting point for developing the multimetric assessment tool.
Macroinvertebrate communities, at each site, were evaluated by a set of metrics: tolerance to organic pollution, richness, composition and trophic structure. Those metrics were computed by using the Atic software (AQEM consortium, 2002) . Other metrics, based on the data structure of the macroinvertebrate community were also tested (Table 1) . Pearson correlation and linear regressions between the pollution gradient defined by the first axis (independent variable for linear regression) and the studied metrics and indices (dependent variable for linear regression) were done in order to evaluated how metrics and indices explain the gradient detected by the first DCA axis. Selection of the most suitable metrics was made in four steps: in the first step, metrics with no significant correlation with the first DCA axis were excluded; in the second step, those where R 2 of linear regression with the first axis of the DCA was lower than 0.5, wererejected; in the third step, performing Box Cox graphics by the SPSS software (version 11.0), those which had power to discriminate all the quality classes were selected; in the last step were selected only those that, at least, allow discrimination between good and moderate classes. This last step was only adopted when no metric was selected by the previous step. In Box Cox graphic analysis, it was considered a good discrimination power when the percentile 25 of the upper class is not superimposed with the percentile 50 of the next class.
All the selected metrics were reduced to a range of variation from 0 to 1 (0 the worst score; 1 the best score) using the expression:
M, raw metric value; min M, minimum metric value; max M, maximum metric value; M , metric value between 0 and 1. When it appeared to be impossible to predict the maximum score of a given metric, such as EPT (Ephemeroptera, Plecoptera, Trichoptera taxa) and EPTO (Ephemeroptera, Plecoptera, Trichoptera, Odonata taxa), 110% of the highest score obtained was assumed as the maximum value. Concerning TRICF (number of Trichoptera families), the maximum possible score is 21, corresponding to the number of the existing Trichoptera families in the ecoregion 1 (Vieira Lanero, 2000) . GOLD (percentage of Gasteropoda, Oligochaeta, Diptera) increases with the organic pollution in opposition to other metrics. To invert this pattern, GOLD was subtracted from one. Multimetric indices were developed combining metrics of different categories (tolerance, richness and composition). The values of multimetric indices result from the mean of respective metrics. A similar procedure adopted for the metric selection was used to choose the most suitable multimetric indices.
Boundaries between quality classes were established in Box Cox graphics exploratory analysis, using as criterion the percentile 25.
The most suitable multimetric index was developed, based on total community (course fraction and fine fraction for both depositional and transport habitats). The resulting multimetric classification was applied to the total community, total communities of transport and deposition habitats separately, and the community present only in the coarse fraction (higher than 1 mm).
Sites were classified by the selected multimetric index (multimetric classification). Differences between multimetric scores of consecutive quality classes (both for post-classification and multimetric classification) were tested by a t test for mean comparison using 95% as confidence level. For each selected metric and multimetric index, mean and standard error were computed using software STATGRAPHICS (version 7.0).
Results

Environmental factors
The physical and chemical parameters of the water are presented in Table 2 . Oxygen saturation was high with all values higher than 50%, excepting for site I-S-5 (13%) where the total phosphorous was one of the highest values analysed (1930 µg l −1 ). Accentuated conductivity values were observed in sites III-G-4 (2180 µS cm −1 ) and III-S 5 (1450 µS cm −1 ). Also in those sites the chloride was high (298.28 mg l −1 and 112.16 mg l −1 ), indicating the effects of urban pollution due to water supply treatment. The highest ammonium value was detected at site I-MA-4 (1.45 mg l −1 ), located 3 km downstream from a water treatment plant, presenting also accentuated values of nitrate (11.06 mg l −1 ), total phosphorous (1910 mg l −1 ), and chlorophyll a (8.82 µg l −1 ). The highest chlorophyll a value was observed at site III-S-3 (15.93 µg l −1 ), which also presented the highest observed value of total phosphate (3990 mg l −1 ). Concerning BOD5, the highest value was obtained at site II-S-2 (14.6 mg l −1 ), which also presented accentuated values of nitrate (23.13 mg l −1 ), total phosphate (990 mg l −1 ), and chlorophyll a (8.54 µg l −1 ). At site III-MA-3, BOD5 was high (12.5 mg l −1 ), showing also a high chloride value (270 mg l −1 ).
Macroinvertebrates
The DCA was based on macroinvertebrate composition and their abundances (individuals by m 2 ) at the 36 studied sites (Fig. 2) . Pearson correlations between environmental parameters of water and first and second DCA axes are presented in Table 3 . The results show that organic pollution gradient is associated with first axis. Some influence of the morphological degradation was also detected in the first axis by two variables related to riparian vegetation (shore line covered with woody riparian vegetation and average width of woody riparian vegetation: Table 3 . Kmeans classification was obtained using the site coordinates in the first DCA axis (post-classification). Pseudo-F-statistic value detected 12 as the most suitable number of groups (Table 4) . With such a high number of groups, it is impossible to develop an assessment methodology based on five quality classes (high, good, moderate, poor and bad). To circumvent this problem, these were converted into a lower number. The ideal number would be five. However, analysing the results of Kmeans for classifications with lower number of groups, four seems to be more consistent with 12 groups' classification boundaries (Table 4 ). In addition, all BMWP values (Appendix 1) are higher than 60 (the boundary between moderate and poor quality), which suggest that the organic pollution gradient, from high status to bad status, was not totally covered, missing the bad quality class. Boundaries of the new classification (post-classification) are represented in Figure 2 by vertical bars. Observing Figure 2 , the three stream types are present all along the same pollution gradient, with sites included in the four quality classes. In addition, sites classified as high quality class have their communities significantly correlated for P < 0.01 (Table 5) , which suggests that the three system A types belong only to one stream type. 
Metrics and indices
Pearson correlation and linear regressions between the pollution gradient, defined by the first axis (independent variable for linear regression), and the studied metrics and indices (dependent variable for linear regression) were performed in order to evaluate how metrics and indices explain the gradient detected by the first DCA axis (Table 6 ). Despite the relatively high number of significant correlations, only for a few metrics is the R 2 higher than 0.5 (Table 6 ). For these selected metrics, Box Cox graphic analyses were done and are presented in Figs 3-5. For nearly all the different type of metrics (tolerance and richness), it was possible to find at least one metric with power to discriminate the four quality classes (Table 7) . The only exception occurs within the composition metrics, where the two selected metrics are unable to discriminate high and good status (GOLD) or moderate and poor status (Plecoptera%) (Fig. 5) . GOLD was considered the best composition metric, because a decreasing linear tendency is observed along the pollution gradient.
Three multimetric indices were created by a combination of the most suitable metrics: Tolerance, Richness and Composition metrics (Table 8) . Box Cox exploratory graphics for those indices, presented in Fig. 6 , show that nearly all the multimetric indices generated are able to discriminate between the four quality classes (Table 7 ). The value of the percentile 25 of the poor status class is always higher than zero for all the multimetric indices. This fact allows the establishment of the boundary between the poor and the bad status. A better discrimination among the quality classes was observed for IM9, Box Plots. The test t, of mean comparison between consecutive quality classes (post-classification and multimetric classification) for a confidence interval of 95%, shows significant differences between quality classes ( Table 9) .
The multimetric classification (IM9) of 7 sites was underestimated in relation to the post-classification (Table 10 ). More differences are observed with the pre-classification (over and under estimations). This fact is a clear consequence of the absence of historical data to support the site selection (pre-classification). The multimetric classification of IM9 for the total sample and the transport habitat community was very similar (Table 11) , contrasting with the almost consist ent underestimation observed in the deposition habitat community. A few differences on multimetric classifications were observed between the total sample and the coarse fraction, although the observed five overestimated (Table 11) .
Discussion
Stream types
The Water Framework Directive requires ecological quality monitoring on the basis of stream types which correspond to groups of streams with similar characteristics. Under quite pristine conditions, different communities are expected for each stream type (reference conditions). Two possible methodologies may be used to establish the stream types: system A, based on geology, altitude and drainage area, with a priori Figure 6 . Box Cox graphics for selected multimetric indices. Tolerance  Richness  Composition   IM7  ASPT  EPTO  GOLD  IM8  ASPT  EPT  GOLD  IM9 ASPT TRICF GOLD precise boundaries for those attributes; and system B, based on more abiotic variables, but treated as continuous variables. In this study, site selection was done according to system A. However, DCA results did not split the stream types along the organic pollution gradient. For high ecological status (under low pollution effect), Pearson correlation (P < 0.01) indicated non significant differences among high-status-site communities (Table 5 ). According to these results, the three initial stream types probably belong to only one type. This confirms the most recent studies for different European regions (Charvet et al., 2000; Alves et al., 2002) , suggesting system B.
Metric category
Assessment
Mediterranean streams are subject to accentuated hydrological variations, influencing the colonisation processes, mortality and recovery of macroinvertebrate communities (Jackson & Fisher, 1986) . However, similar patterns of variation of communities tend to be repeated during sequent years (Resh et al., 1990; Boulton et al., 1992; Stanley et al., 1994; Gasith & Resh, 1999) , despite some significant differences in densities. Probably for this reason, composition metrics discriminated quality classes with a lower efficiency than the others (tolerance and richness). Richness (number of taxa) shows less variability than densities. Concerning the two selected composition metrics (GOLD -percentage of Gasteropoda, Oligochaeta and Diptera and %PLEC -percentage of Plecoptera), GOLD has some advantages when compared with %PLEC. Firstly, it is based on taxa which stay in stream for a long time during the year, in opposition to Plecoptera, mainly present up to early spring in southern Portugal streams (Morais, 1995) . Secondly, the variation pattern with pollution is more gradual, allowing the establishment of quality classes with similar ranges of variation. Concerning BMWP (Alba Tercedor & Sanchez Ortega, 1988) , although the significant correlation with the gradient of organic pollution (Table 6) , it was rejected due to the low linear regression R 2 (0.36) between the first axis of the DCA (independent variable) and BMWP scores (dependent variable). These results did not confirm the good ones obtained in other studies (Zamora-Muñoz & Alba-Tercedor, 1996) . In contrast, ASPT , which represents a mean score per family, was extremely efficient in discriminating all quality classes
Concerning the EPTO richness metrics, it was considered better than the EPT. The addition of Odonata taxa to metric can compensate for the absence of Plecoptera when more lentic habitats are present. Under these situations, Odonata tends to increase at non-impaired sites. In each case, TRICF (number of Trichoptera families) was considered the best richness metric, despite of the existence of outliers in the distribution of good and moderate ecological status.
All three multimetric indices developed in this study (Fig. 6, Table 8 ) are able to discriminate good and moderate ecological status (Table 7) . IM9 (ASPT + TRICF + (1-GOLD)) had the highest R 2 and is consequently the best index to discriminate all the quality classes. For any consecutive quality class, the percentile 25 of the upper class is never superimposed with the percentile 75 of the next class.
It is possible to apply IM9 to siliceous basins of the ecoregion 1, because the metrics involved are not dependent only on taxa collected in this study. The extension of this index to other ecoregions needs a correction to the expression used to convert the metric TRICF (number of Trichoptera families) to a range from 0 to 1, converted to the number of Trichoptera families in the new ecoregion.
The application of IM9 to the coarse fraction, transport habitat communities and of deposition habitat communities (Table 10 ) is quite similar. Differences in obtained quality classes (overestimation and underestimation) occurred only between adjacent classes. Changes between good and moderate ecological status only occurred in four cases. A general pattern of overestimation was observed in the deposition habitat community. This is a direct influence of the generally higher densities of Oligochaeta and Chironomidae in the deposition areas, increasing the GOLD scores and, consequently, decreasing the IM9 scores. The slight overestimation observed in the coarse fraction can result from Naididae, generally with higher densities in the fine fraction than in the coarse fraction.
The multimetric index developed in this study (IM9) was only applied in spring. More studies throughout the year are needed to extend its use to other hydrological conditions (Stanley et al., 1997; Rabeni & Wallace, 1998) . The application of IM9 is advisable for Mediterranean streams with high hydrological variability because: it is based on three pure metrics (richness, tolerance and composition); only the family level identification is required (important when local identification keys are absent); and it is not redundant, because this multimetric index is composed of metrics with different sensitivities. ASPT and TRICF are more sensitive to intolerant taxa while GOLD is more sensitive to more tolerant taxa. Despite the similar results obtained in this study between total community, course fraction and transport habitat community, it is advisable to use only total community to assess the water quality in future monitoring programmes. Possible future reduction in assessment time consumption, both for sampling procedure (to sample only one of the habitats), and for sorting effort (to sort and analyse only the coarse fraction), can be imple- 1  2  2  III-S-1  3  3  3  2  III-S-3  2  2  2  2  III-MA-1 3  4  3  3  III-MA-3 3  3  3  3   III-MA-S 4  4  4  4  III-G-1  3  3  3  3  III-G-3  3  2  2  3  III-G-OD 4  4  4  5  III-G-4  1  2  2  III-S-5  3  3  3  2   205 mented only after testing the assessment efficiency for a larger number of collecting sites. I- GN-1  18  5  24  6  13  6  5  2  1  I-GN-2  12  3  16  6  11  4  2  1  0  I-GN-3  17  3  11  5  7  10  4  2  0  I-MA-I  17  5  16  2  9  5  3  1  0  I-MA-2  20  2  8  1  4  3 S-3  13  2  5  1  3  11  7  3  2  II-M-2  15  1  6  2  4  2  3  0  2  II-M-F  9  1  7  0  5  4  2  1  1   II-M-3  13  1  2  2  2  2  5  2  2  II-A-1  12  7  12  4  8  3  3  1  0  II-A-2  15  3  14  1  9  5  5  0  0  II-A-3  13  2  7  5  5  10  4  1  0  II-S-4  13  0  1  4  1  13  4  4  1  II-S-5  2  0  0  0  0  0  4  0  0  III-S-1  13  0  2  0  2  4  4  2  3  III-S-3  7  2  2  0  2  3  7  2  1  III-MA-1  7  3  6  0  4  2  3  2  2  III-MA-3  7  1  7  2  5  2  2  0  3   III-MA-S  15  3  7  4  4  1  2  0  1  III-G-1  13  0  6  3  3  2  4  1  0  III-G-3  13  0  9  1  5  4  6  1  1  III-G-OD  16  2  4  0  3  1  2  1 
